Antimicrobial susceptibility patterns of 102 clinical isolates of Serratia marcescens from three medical centers were studied by using disk sensitivity and agar dilution methods. The least resistance was demonstrated against gentamicin, nalidixic acid, chloramphenicol, and sulfisoxazole, all of which inhibited more than 80% of the strains. Cephalothin was completely ineffective, and more than 90% of strains were resistant to ampicillin and tetracycline. As demonstrated by the agar dilution method, the minimal inhibitory concentration of nalidixic acid, gentamicin, tobramycin, and chloramphenicol for most strains fell within therapeutically attainable concentrations. The prevalence of resistance to ampicillin, cephalothin, and tetracycline was nearly the same at all three medical centers, whereas there appeared to be patterns characteristic for each center with regard to the other drugs used. Eleven of the isolates produced pigment and exhibited patterns similar but not identical to those of the nonpigmented strains, all 11 being resistant to between three and six drugs. Half of the strains were resistant to five or more antibiotics, indicating that some Serratia exhibit resistance to an unusually broad range of therapeutic agents.
The problems associated with hospital infections caused by Serratia marcescens have become increasingly evident (3, 5, 15) . The spectrum of infections includes meningitis, pulmonary infections, septicemia, endocarditis, and a variety of localized infections. The ability of this opportunistic pathogen to acquire resistance to a broad range of antibiotics has made effective therapy more difficult. Several recent investigations have dealt with the problem of antibiotic resistance in Serratia (3, 4, 6, (10) (11) (12) (13) . The overall findings of these studies indicate that the polymyxins and cephalosporins are the least effective agents against Serratia in vitro, and although gentamicin, kanamycin, chloramphenicol, and nalidixic acid are the most effective, resistance to kanamycin and chloramphenicol, as well as the p-lactam antibiotics, has increased during the last decade. Serratia strains isolated from different hospitals often appear to have characteristic resistance patterns (13) . Other studies have provided conflicting results concerning resistance patterns of pigmented versus nonpigmented strains (2, 11) .
It is evident that patterns of drug resistance in Serratia may vary over even short periods of time and may be characteristic for different hospitals. (12) with an inoculum of approximately 5 X 104 bacteria. The MIC was defined as the lowest concentration of drug preventing visible growth after 18 h of incubation at 37 C. Table 1 gives the results of disk sensitivity testing for the 102 Serratia strains isolated. All strains tested were resistant to cephalothin. Ninety-three percent of the strains were resistant to ampicillin and tetracycline. The most effective drugs were nalidixic acid (8% of strains resistant), gentamicin (14% resistant), sulfisoxazole (15% resistant), and chloramphenicol (16% resistant). Next in order of increasing resistance were kanamycin (22% resistant), tobramycin (26% resistant), streptomycin (34% resistant), carbenicillin (39% resistant), and colistin (57% resistant). Multiple resistance was common, as demonstrated by the observation that 56 of the 102 isolates were resistant to at least 5 5 and 20,ug/ml. The MICs for ampicillin, tetracycline, and cephalothin (antibiotics to which the highest percentages of strains were resistant) were higher for those strains that were resistant to more than five drugs, indicating that multiresistant strains are often more resistant to these three drugs than are strains resistant to fewer than five antimicrobial agents.
RESULTS

DISCUSSION
Our results indicate that recently isolated strains of S. marcescens are susceptible to gentamicin, chloramphenicol, sulfisoxazole, and nalidixic acid at therepeutically achievable concentrations. These findings correspond to previous reports concerning the efficacy-of these antibiotics (4, 6, 10, 12) . Ampicillin, cephalothin, tetracycline, and colistin are ineffective in vitro and do not appear to be useful in the treatment of Serratia infections. The susceptibility of these strains to kanamycin, streptomycin, tobramycin, and carbenicillin was highly variable.
Characteristic resistance patterns were found for each of the three hospitals with regard to every antibiotic tested except ampicillin, tetracycline, and cephalothin. The strains from the M. D. Anderson Hospital and Tumor Institute were more frequently resistant than the strains from either of the other two hospitals to every drug tested except colistin. The high degree of overall resistance demonstrated by these strains may be related to selective pressure by longterm antibiotic therapy in cancer patients. The Serratia that were isolated at the Medical University of South Carolina were more susceptible than those from Emory to every drug tested except cephalothin, tobramycin, and chloramphenicol. The observation that at least 90% of the 102 strains were resistant to ampicillin, tetracycline, and cephalothin may indicate innate resistance to these drugs in this species.
A greater percentage of pigmented than nonpigmented strains were resistant to tobramycin, streptomycin, and colistin. Pigmented strains had higher MICs of streptomycin (20 to 40 gg/ml versus 5 to 20 jig/ml for most of the nonpigmented strains). Previous reports have provided conflicting results regarding antimicrobial susceptibility of nonpigmented and pigmented Serratia on the basis of differences in cell wall lipid (2, 11) . However, this premise has been recently challenged by Winshell and Neu (16) , who found no appreciable differences in lipid content among resistant nonpigmented, susceptible nonpigmented, and susceptible pigmented groups of S. marcescens.
Medeiros and O'Brien (10) demonstrated transferable resistance due to R factors in 21 of 22 strains of Serratia resistant to five or more antibiotics. They concluded that R factors contribute additional degrees of resistance to tetracycline and ampicillin in strains already moderately resistant to these drugs. We have also found R factors among our multiple-resistant strains of S. marcescens, and are currently investigating further the properties and significance of these plasmids in this species.
